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Tran About TransSiP

duternational Conference on Ilectronics Packaging 2013

i Novel GPS SiP module with miniaturized substrate by using RF sub-circuit
Foundedin 2014 embedding technology

3D System=in-Package (3D SiP)Pioneer
Yasuhtko Katsuhara, Masaya Tanaka, *Desmond Wong
“Transformational" System-in-Package and
MtM (More than Moore) Téchnolo gies Electronic Systems Ceater, Dai Nippon Priating Co., Ltd. 2-2-1, Fukuoka, Fujimino-shi, Saitama 356-8507, Japan
tel: +81-49-278-2673;  e-mail: Katsuhara-y@mail dnp.co jp
"Advanced Technologies and Business Development, Telit Wireless Solutions
27422 Portola Parkway, Suite 320, Foothill Ranch, CA 92610
tel: +1-949-540-1281;  e-mail: desmond wong@telit com

Growing Patent Portfolio

Abstract
Applications of 3D System-in-Package (SIP) with device embedded substrate are penetrating to downsizing and adding
muiti-finctional blocks for portable electronics. In particular, finctional blocks, such as power supply and RF front-end are
expected to be the promising funare for 3D system integration for many applications. Passive components, like R, L and C, and
active component, like a bare-die, are typically chosen in traditional embedded substrate applications. Besides, 3D embedded
imtegration with power supply system and RF front-end with other peripherals, such as Real-time clock, SAIV device and thermal
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Tran Milestones

H - 2 Invented Micro Continuing Innovation,
Development and Innovation Timeline i et ot Ol
Package conditioning concept
and product
Awarded Co-developer of development
EDN Hot 100 3D Super SiP with \
. Invented 3D Product a Fortune Global ~ )
World' s smallest GPS 3D SiP  gmpedded 500 company =
Embedded SAW filter  ¢ompjeted: e e
outperformed *Most sensitive - » ""'JL‘ 1 | PATER

Assembledan ~ SMT SAW, h *Most accurate " - PATEN :
international mortg resgarc “Outperformed original chipset | PAtE '_.‘ s
Advaniced research team;  continued. «Cpk > 2 =
research proposed 3D SiPis .

started on 3p Notjust a package.

embedding ,{ . 3 - Fir -~
technologies [
'_,if' jFio J & Tran

2008 2009 7 2010 2011 2012 2014 2016
V : TransSiP
Established
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Transzll> How Moore’s Law Shaped the Mobile Technologies
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Transistors Count




Trans@ Where Next?

TECHNOLOGY QUARTERLY
AFTER MOORE'S LAW

Double, double, toil and trouble
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Tran 3D Isn't.

e Silicon-on-silicon means active area can
now exceed substrate area

FEIXAY
FHKI S Advanced Miniaturization / Power Management for Wireless Devices C201GRANSSIRING A




Tran 2.5D — Not a Bad ldea......

® Reduced footprint
e Shortened time-of-flight

® Reduced parasitics

WRCECRNY

Package Substrate or PCB

........But it's still not the sweet spot..
(and, it can get pretty hot!)
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Tran Diversification- The New Dimension

® "Processing"

- active devices

- more transistors per unit
area = higher cost

- 3D packaging = higher

interconnect complexity source: Chipworks
3. SYSTEM 4. THERMAL INTERFACES
1. THIN 2D AND 3D ACTIVES 2. THIN FILM PASSIVES INTERCONNECTIONS AND STRUCTURES
[ ] "Experience" o010 500 Domusr 5| aaioas s sor BIOSENSOR
) ) UM G owusr RARRARY -
- actives, passives, MEMS, )\ OGP S o
power, RF e
30 CAPACTORS.
- non-digital functions =
mixed component types [ =/ ]
- mixed signals / RF = layout, weoo 1o Tee e
= 2 6. MIXED SIGNAL 7. MECHANICAL DESIGN
ﬂoorplan’ parastlcs |Ssues 5. MULTI-FUNCTION MATERIALS DESIGN AND TEST AND RELIABILITY 8. POWER SOURCES

source: Georgia Tech PRC
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Tran Diversification- "More than Moore* (MtM)

“Processing” from the PCB & OSAT Industry

Substrate
Technology

Desigu:\ Rule 3D Sl P

Toa T

Planar Interconnections

Miniaturization (substrate
equivalent of "Die
Shrink")

Interacting with Users, the
Network, and the Environment

o »
I:ml:):‘; Analog/RF , Virtual HE Sensors MEMS EMI g Power Enefgya
concept: ITRS “Experience” from the IC Industry
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Tran 3D Embedding Options

"Laminate Embedded" Packages

e "Via" Process: Buildup Substrate Technology

| SMT
i | Embedded die

Embedded Passive Embedded Active

e "Pad" Process: Co-laminated Substrate Technology
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Tran "Via" Connection Generic Process Flow

Pro Laser Drill, Plate/Fill Vias, Circuitize
+ compatible with industry B il T SRR I I
standard LVH (laser via hole) - e ENeescece——mis -
bulldup processes N } ——
" ; 0202020 Eae—
+On-chip design rules " T I I
(40p pads/100y pitch) 1 R svsss i =
Layup Prepunched Prepreg + Cu Foil
Con — R Laminate 1
- copper plating required 1 T R ARRRRRRE T T
on devices- additional cost Eniaey EnBedAsASibasssbIY S E—— — - —
- s : — . — ;
- reglstratlon isanissue Laser Drill, Plate/Fill Vias, Circuitize
e : e e I
- no wiring on encapsulating layer —
:L_-[ e o G I 2=
- serial/sequential process- long cycle time 1
More Layers
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n n n n .
Tran Pads" or "Anylayer Post” Connection Process Flow
Subassembly 1: Print Bumps on Cu Foil, Laminate, Etch,
Print Connectors
Pro
+ standard components and v vev ’ Layup with Prepunched Prepreg
assembly processes used (solder / ¥ m—
conductive adhesive)- no added cost Subassembly 2: Print Bumps on Cu Foil, Laminate, Etch,
Print Bumps, Laminate, etch, Print Connectors EEE
+ pad-to-device registration issues I HE — —=
confined to well-known assembly issues and — ‘V—E Kﬂ}
tolerances — [
+ hybrid processes (conductive s by TOIE: i Chais l
post / LVH) can be used for maximum —I OO E et
flexibility v  —
S ——
+ wiring channels available in ﬁzﬁgmmh:rxﬁwﬁ' .,
encapsulating layer(s) E} i 1
= =" — g T — B o e o o
i ] ZEE
Con e b e e e
- most solutions are proprietary or derivatives of proprietary technologies (ALIVH, B2iT)
- Density for conductive post solution limited to 0.2mm pitch
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Transzll> Embedding Today.. State of the Art

Process Flow...

v R — 4
@ @ - T
== T TH s (N
Schematic
Design

Component SMT Backend
Embedding Assembly Processing

Logistics.... AR ... lOW?
= =
o= D7 &idovdiet N
\Contract Wafer Processor OSAT
EMS Substrate EMS (Outsourced
Substrate Contractor Fab Contractor Semiconductor
OEM Designer // Fab Assembly + Test
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Transsli» A New Paradigm: "The Organic Fab"

N Conceptual Flow...
2 Advantages for Chip/Component Vendors
g’
|PrOdUCt Concept s 1 vBroaden market
o v Shorten silicon time-to-market
Combine with "functional
building blocks" from library Feedback Loop Ad t or Dovel ket
1 /Library Additions vantages for Developers/Marketers
A ) ¢ Licensable IP vAccelerates adoption rate
Build with readily vShorten time-to-market
embeddable components vReadil ilabl f iib
from library eadily available components from library
| vYProven IP
= vPromote IP reuse (cross-licensing)
l A 4
[Existing IP: wiring/package design| | New IP created |

Advantages for Systems Designers
vReduced development time

vMinimal learning curve (proven IP)

Advantages for Systems Designers
vProduct differentiation

vCross-licensing opportunities
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Transelp» "One-Stop Shop”

"Qrganic Fab"

Logistics Flow

I\ \\
«Component t\ A\ \
. Wafer to Die S o)
Library 3D Layou\ \\\Placement \\ eiucing \\ SMT \\ Backend

. Including /Subcomposite /XAssembly/’?‘”Processin
Design Rules RDL E /Boundary //// C;rcwtxzatzon// //

: ab/Bounda
Libra ry Test b4 Test / / /// /’,/

Design Fabrication
Standard Tools + Libraries The "Organic Fab": Via or Pads Processing
concept: TransSiP
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The TransSiP Vision: 3D and Beyond

BEIRASY
FHKI S Advanced Miniaturization / Power Management for Wireless Devices C201GRANSSIRING A




Trans@) "3D Heterogeneous SiP* is More-than-Wire (MtW)

e “Embedding” is viewed as a "wiring solution" (small, integrated printed circuit board)

e "3D Heterogeneous" solutions-
- are “More-than-Wiring" (MtW)

- incorporate distributed circuit elements as
designed-in passive R, L, C

- provide "better than book" performance through
proactive use of circuit parasitics

FEIRAS
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Trans@ MtW (More than Wiring)- Turning Liabilities into Assets

The Problem: The Solution: MtW Enables-
Processor ADC Processor ADC
.. i \‘.[!]q—FI!l’/ | SN
F— — f= NP 1. Reduced wiring ——=&——&& ——e\o
S - GND length ADC

Parasitics in signal lines are a

factor in high speed / RF design 2:3

Processor

2. Controlled Equivalent L, R, C

Transmission Line Characteristics of GPS SIP Internal Wiring Short, controlled Zo tracks
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% The TransSiP Vision: 3D and Beyond
—Metamaterials

AV
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Trans@ The Fourth Dimension

ArMeta-materials are formed by altering the electromagnetic
characteristics of natural materials

TENT

1 E;‘:}'\J(;:\'HON

ArHigh impedance surfaces and surfaces with defined
electromagnetic band-gap offer the potential for dramatic

improvementin

i INAASUUANANAI From This  To This!
- small antenna gain and efficiencies S —
- EMIl suppression/shielding P I

- transmission line characteristics for multi-Gbps
frequencies

- PDN (power delivery network) self-impedance

MtW + Meta-Materials = "Much Better than Book"
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Transgy New Antenna Concept for Small Wireless Devices

The Problem- Antenna efficiencies drop dramatically with decrease in
reference plane area

GPS Patch Antenna Radiation Efficiency 13 x 13 mm GPS Patch Antenna Gain

g

Available ground

el plane inside a watch 2

—l Portable @/’_| Portable
30

oWearable 5 Wearable
10 10 20

Efficiency (%)
8 8§ 88 3 8 38

Gain (dBi)

o
s 8

s0 70 %0 30 40 50 60
Square Shape Ground Plane in Length (mm) Square Shape Ground Plane in Length (mm)
2.4GHz Chip Antenna Radiation Efficiency 2.4GHz Chip Antenna Peak Gain
90 4
80 2
70 0
g0 A product comparable to the .E'.i 2
gso US quarter (462 mm?) g
g 40 2 3
S0 F
20 . 10 7
10 {3 \1; ; Portabl
/ Portable &i
e -M/earabl
Wear@ble|2025 4025 6025 8025 10025 12025 14025 25 1025 2025 3025 4025 5025 6025 7025
Area of Ground Plane (mm?) Area of Ground Plane (mm?)
FEIRAS
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Transzl)» New Antenna Concept for Small Wireless Devices

The Solution- creation of virtual reference plane using "left handed”
EBG structure

4 Tunable ®Antenna Only ~ Return Loss of Antenna (2.4GHz)

characteristics -

47 Efficiency gain

@Antenna + Copper Plane 9

® 2.23GHz

@Antenna + M3iP™ Structure ®

-'R']'I‘[V]\l‘[.I‘IrII
H H H || 15 17 19 21 23 25 27 29 31 33 35

Frequency, GHz
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Trans&lp» Supply Bias Noise Components

. 2 Output Waveforms
Four Classic Noise Components:

\lliw AN Vour
o Ri
Ripple vl Switching Block Averaging Filter
® Harmonics of switching - | ' |
frequency/frequencies g '@: Switching | L—» :
. . Converter 4 h Node : f " DCOutput
e Ringing acan | R ......"" a : :
MOSSET ] o |
e Spurious/transient events T | et O : -
I | Node | |
& ) | e
l l

These can be attenuated using an averaging filter, but...

Downstream circuit behavior suggested there was another component
outside the frequency domain

BEIRASY
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Trans% The Power Management Problem

® RF circuitry is sensitive to supply
bias noise

® Highly efficient switched mode
Pulse-Frequency Modulated
(PFM) type converters are noisy

® Linear ("low dropout” or "LDQO")
regulators are used, but
efficiencies are between 5 - 60% B oo [ X B se

[ caibration ] 'oLE tosieep
® DO supply bias exhibits
spurious/transient noise

Voltage conversion efficiency is 5% or less
for most of a RX/TX system's life!

EEIRA®
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Trans@ A Novel Analytical Approach

e Rate of occurrence of signals TransSiP Demonstrated SNJ Measurement
shown by color coding enabled by

e Spectral histogram captures very DPX® Real-time Spectral Histogram
hard to analyze transient events
over time JE———

High Impedance Supply bias to
Active Probe the load

I
APEC 2016, Long Beach, CA Power Supply Load

FEIXAY
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Trans& What New and Significant

v Ripple

¥ Harmonics of switching frequency/
frequencies

¥ Ringing
v Spurious/transient events
gSwitching noise jitter (SNJ)

Switched-Mode Converter Output

Characteristics
Top MOSFET
Driver Signal
ON R T
[ E
OFF L L
= Jitter

H i
il SNJ = Timing dislocation of
— switching decision in the
o Control Loop
BEIRASY
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Trans@ What It Means

e Enabling technology for use of highly efficient (80-95%

100 TT

S~
i Redd

8 8

across load range) PFM DC-DC Conversion NI 24y

e |Improved sensitivity and performance for spread-spectrum
wireless and navigation/positioning circuitry in power-

constrained devices

e Potentially significant increases in autonomy/battery life
depending on power management strategy

~
=]

Efficiency, %
8 8 8 88

PFM Mode
Ll

|

100 1000

-
=

=]

e Enhanced user experience through improved performance Output Current, mA

and increased autonomy

FEIRAY
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Ts@ What SNJ Conditioning Does

Identical GPS/GNSS Receivers in parallel powered rrans$dc PFM
by LDO and SNJ-conditioned PFM DCDC Conversion Solution

Micro DC-DC Converter + Harmony™ SNJ Conditioner

4 Significant reduction in Position Drift error

47 Significant reduction in Time-To-First-Fix

"Position Drift:

TTFF Probability Distribution- Powered by Tran%JC PFM" vs. Low Noise LDO

4PFM™ Powered

“ : ‘ | Statistical Mean Shifted
1 1 To The Left (Better) Standard

0 ! ! Deviation ;ition Drift:

0 ' 1 | L

30% | = e LDO Powered
5 — | T Standard
x 20 — | Deviation

10%

TTFF(s)
B Powered by DC-DC With Transsil>>JC ' PFM

Powered by Original Low Noise LDO

Patents Pending

BFEIRAY
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Tran More Details on Public Domains

Tags:

e JC-PFM DC-DC
e SNJ Conditioning NETwoRrK DESGNCENTERS - TOOLS & LEARNING - COMMUNITY -

g PLHnET HnHLDG all signal no noise

HOME BLOGGERS BLOGS ARTICLE ARCHIVES MESSAGES ABOUT US

Steve Taranovich

An Enabling Technology for Power-Constrained Devices

owering wearable electronics: a new i e
dimension

Desmond Wong, Founder, President and CEO and William Burr, Vice President of Business
Development, TransSiP -September 02, 2016

Em: - [ o L&

form factors and applications
power management is 3
lothing/e-textiles,

Although “wearable” electronics in
with greatly varying developme
key issue. Whether virtua
medical/nealthcare devices, sm
only battery life but

Attempts to prolong battery Life are driving innovativ uty cycle management, but

the power conversion baseline remains tied to linear n despite the existence of [—

more efficient switching mode DC-DC conversion opt rimary reason for this is because = | r-——> -

the spread-spectrum communications and navigation/positioning functions of most remote, PFM Cortoter | . sng |[Your | Coeut nder

portable, wearable, and loT devices are sensitive to supp noise. The bias voltage s d L = °°"““°"“E’ ol

by linear regulators is r y q ut conversion efficiencies drop to 5% or less at the T T Attosuator

standby power loads used in all power-constrained devices mma‘y.nc PFM <
v 3

FEIRAYG
FHKI S Advanced Miniaturization / Power Management for Wireless Devices ©20%6:TRANSSIRING A




Tran Agenda

A
A
A
A
% The TransSiP Vision: 3D and Beyond
—Microshielding
A
FEIRAS
FHKI e Advanced Miniaturization / Power Management for Wireless Devices S2010 IORSIRING A

Transgly 1ransSHIELD ™- micro-shielding solution

The Problem-EMi shielding cans are bulky,
interfere with assembly processes..
they just don't fit anymore!

The Solution-Form Faraday cages around
sensitive components, and
make them very small

FEIXAY
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Tran TransSHIELD ™ Applications Example: Software Defined Radio

Conventional Shield Can
Design

Ardesign with off-the-shelf components

Ay partition into RFI/EMI blocks
Ay carrier + interposer fab

4A71CP (interposer-carrier package) assembly

Patents Pending
BEIRASY

WATER
PROOF

Avaliable NOW from a top-ranked supplier with following certifications:
* Accredited Nadcap
* MIL-PRF-55110

*  MIL-P-50884E

* MIL-P-31032
* ITAR
I (ANAE

in =
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Transglp  Iranscendental” System-in-Package

!y MtM Technology Enablers

performance / range / Userexperience:

autonomy / powermanagement

niniaturization

Ay Innovative business solutions= —— ==

Enabling the Emerging Future
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Tran
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Thank you for

your attention
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